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Among renewable energy sources, solar energy is a huge amount of green 
renewable energy which is inexhaustible and has been widely attracted more and 
more attention. The development and application of solar energy has various forms, 
such as photothermal, photovoltaic, photochemistry, and photobiology utilizations. 
The theoretical efficiencies of solar cells are very high, but there are a variety of 
irreversible losses reducing their practical performances. At present, it is still primary 
issues in the investigation of solar cells to develop various types of solar cells, explore 
main irreversible factors inside solar cells and the key links of maximum energy 
consumption, optimize the internal structure, improve the performance of solar cells, 
and enhance energy conversion efficiency. 
This dissertation is mainly focused on the investigation of the performance 
characteristics of energy selective electron devices and several novel solar cells. The 
effects of various irreversibilities on the performances of systems will be revealed and 
the optimal analyses on main characteristic parameters will be carried out. The new 
optimum theories of these systems will be established. The main research contents 
can be divided into three parts. 
The first part contains chapters 2-4 and is focused on the investigation of the 
performance of the energy selective electron (ESE) tunnel and its application in a 
variety of electronic devices. A new model of the ESE heat engine with variable load 
resistances is established. Based on Landauer transport theory, analytical expressions 
for the power output and efficiency of the system are derived. The effects of the 
structure of ESE tunnels, chemical potential of the electron reservoirs, and load 
resistance on the performance of the system are discussed in detail. Furthermore, a 
thermal electron-tunneling transistor that operates among three electron reservoirs 
connected by energy-filtering tunnels and maintained at three temperatures as well as 
chemical potentials is proposed. Electron flux and thermal flux directions are 
determined under two different conditions. The results obtained show that such a new 




















electrical power input. Based on two kinds of momentum selection mechanism, the 
performance of hot-carrier solar cells (HCSCs) with quantum well and dot energy 
selective contacts (ESCs) is discussed. Three energy loss mechanisms existing in 
HCSCs are taken into account. The results obtained show that the thermalisation 
losses in ESCs are of the main energy dissipation mechanism of decreasing the 
efficiency of HCSCs and the performance of a HCSC can be more significantly 
improved by using quantum dot ESCs than quantum well ESCs. 
The second part consists of chapters 5 and 6, and the performance characteristics 
of photon-enchanced solar cells are investigated systematically. The comprehensive 
thermodynamic analysis on the model of the photon-enhanced thermionic solar cell 
(PETSC), including the thermal radiation between the cathode and the anode, the heat 
losses from the two electrode plates to the environment, and irreversible losses of heat 
transfer, is carried out. The performance characteristics of the model show that the 
maximum efficiency of the PETSC is clearly larger than that of traditional thermionic 
devices or solar cells. In addition, the performance of a PETSC affected by space 
charge is discussed. It is found by introducing the Langmuir space charge theory that 
that space charge effects become important for the PETSC when the gap width 
between two electrodes is a few microns or more. By combining the theories of the 
PETSC and ESE tunnel, a novel model of photon-enhanced electron-tunneling solar 
cell is proposed. Photon-excited electrons that occupy energy levels beyond 
windowed limits are first imprisoned inside the cathode, then given opportunities to 
rapidly re-thermalize, and eventually allowed to enter the tunnel to the external circuit. 
Numerical analyses show that the optimal choice of both the energy level and width 
of the ESE tunnel can significantly reduce the irreversible losses of electronic 
transmission and electronic recombination losses. 
The third part includes chapters 7-9. The optimal performances of thermoelectric 
generators and corresponding hybrid systems will be investigated. With the help of 
Domenicali’s equation and the heat flux equation, a finite difference method is used to 
determine the temperature and heat flux distribution profiles of a thermoelectric 




















thermoelectric generator, based on the experimental data of thermoelectric materials 
PbTe1-yIy and PbTe:Na/Ag2Te. By introducing an inhomogeneously doped 
nanostructure thermoelectric generator with a delta-like electronic density of states 
(DOS), a novel model of the solar thermoelectric generator (STEG) with high 
conversion efficiencies is established. Reversible electron transport is achieved by 
designing quantum-confined electrons in thermoelectric materials. The results 
obtained show that the STEG made of nanostructure materials, permitting the electron 
transport to approach energy-specific equilibrium, has great potential to increase solar 
energy conversion efficiencies. Two types of solar hybrid systems, i.e., 
photon-enhanced solar cell thermoelectric hybrid system and dye-sensitized solar cell 
thermoelectric hybrid device, are proposed. Through the optimum design of main 
parameters, the maximum efficiency of hybrid systems can be obtained and it is 
proved that hybrid systems can effectively enhance the conversion efficiency of solar 
energy. 
The results of this dissertation can not only enrich the theories of new energy 
conversion systems such as the photoelectric and thermoelectric devices but also 
guide the optimal design and best operation of some practical systems. They have 
important significance for the improvement of energy conversion efficiency, 
exploitation of new energy sources, and reduction of environmental pollution. 
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